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[57] ABSTRACT 

A shutter intended for use with a light-sensitive material. 
The shutter includes a light-blocking disk having a light- 
passing portion through which light can pass to reach a 
light-sensitive material. The disk is rotated to locate its 
light-passing portion in line with the light-sensitive material 
to allow light passing through the light-passing portion to 
advance towards the light-sensitive material. The shutter 
also includes a capping element which is moved between a 
light-blocking position and a non-Hghl-blocking position 
relative to the light-sensitive material and the light-passing 
portion of the disk. A single sensor is used to detect a 
predetermined rotational position of the disk and in response 
thereto the capping element is moved from one of its 
light-blocking and non-light-blocking positions to the other. 

5 Claims, 4 Drawing Sheets 
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FIG. 9 

(PRIOR ART) 
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SHUTTER INCLUDING A CAPPING advance towards the light-sensitive material. The shutter 

ELEMENT MOVABLE BETWEEN LIGHT- also includes a capping element which is moved between a 

BLOCKING AND NON-LIGHT-BLOCKING light-bloddng position and a non-light-blocking position 

POSITIONS relative to the light-sensitive material and the light-passing 

S portion of the disk. A single sensor is used to detect a 

FIELD OF THE INVENTION predetermined rotational position of the disk and in response 

^ , . . - 11 . *t- c ij f . It -J thereto the capping element is moved from one of its 

This invention relates eenerally to the field oi still video i- .i i • j r ui i • * *u +u 

iiiio xu wuu B .f-^ hght-blocking and non-light-blockmg positions to the other. 

image capture, and, more parUcularly, to a shutter intended ;vSvANTAGEOUS EFFECTS OF THE^PREFERRED 

for use with a light-sensitive matenal. EMBODIMENT 

BACKGROUND OF THE INVENTION In the preferred embodiment, one sensor is used to detect 

a predetermined rotational position of the disk and in 

Japanese Application No. 59-236445 filed in Japan on response thereto move the capping clement from one of its 
Nov. 9, 1984 and entitled "Fast Mechanical Shutter'', dis- light-blocking and non-light-blocking positions to the other, 
closes a fast shutter part which rotates continuously. Also 15 Having one sensor rather than two rp.Hiir^.s the cnst and 
included is a photographic shutter part which operates inrry.psftft the rpl.ahil,fv nf ^^^rh a «Vi H^r 
intermittently and an electric circuit which (1) drives the fast Movement of the capping element from one of its light- 
shutter part and photographic shutter part by reccivmg an ^^^^^^ non-light-blocking positions to the other is 
external image pickup command signal and (2) performs fast ^^^^^^^^d just after the light-passing portion of the disk 
mechamcal shutter operation. 20 ^as been rotated past the Ught-sensitive material. As such, 

A slit 5b in the fast shutter part passes by a sensor 8 which capping element has the entire time, during which the 

then sends an indication signal for closure to a camera disk blocks light from reaching the light-sensitive material, 

shutter 6. A slit 5c in the fast shutter part passes by a sensor ^q^q £^0^ one of the positions to the other prior to the 

9 which then sends an indication signal for opening the light-passing portion of the disk being rotated past the 

camera shutter 6. A cut part 5fl in the fast shutter part only 25 light-sensitive material. Such an arrangement minimizes 

passes through an optical path 10 after the slit 5c passes by impact forces on the capping element, thereby enhancing the 

the sensor 9 and before the slit Sb passes by the sensor 8 so shutter's robustness and image quality, 

that light 10 reaches an clement 3'. The shutter speed is p^^^^^^ ^^^^ ^ ^^^^-^^ removed to counterbalance 

determined by the rotating speed of the disk and the angle of ^j^^ light-passing portion of the disk such that imbalanced 

opening of the cut part 5a viewed from a center shaft of the 30 centrifugal forces caused by rotating the disk are minimized, 
disk. 

BRIEF DESCRIPTION OF THE DRAWINGS 

PROBLEMS TO BE SOLVED BY THE r^i^c 1 t f . p 1- aia ■ 

INVENTION FIGS. 1-7 are front views of a light blocking disk dunng 

various stages of rotation, a capping element in various 

The fast mechanical shutter described above requires two positions and a sensor; and 

sensors and two slits in the fast shutter part to effect opening pIG. 8 is an exploded perspective view of a shutter which 

and closing of the camera shutter 6. Having two sensors includes the elements shown in FIGS. 1-7. 

increases the cost of such a mechanical shutter. pjQ 9 s^ows a conventional fast shutter part. 

When sensor 9 detects slit 5c, cut part 5a in the mechani- nPSPRlPTrOM OF THF 

cal shutter will have been rotated to a position almost 180 TWP^^^ 

degrees from its position in FIG. 2. At this point camera INVENTION 

shutter 6 will begin to open. Camera shutter 6 must be fully Referring now to the drawings, 

open by the time cut part 5a begins to sweep past element pjG. 8 shows an exploded view of a shutter designated 

3'. The fast shutter part is being rotated very quickly and yftnerallv hy the. Te.ferenre. nnmp.ral -|nft A rotary solenoid 

camera shutter 6 must open during the time it takes the fast i02 is mounted to a solenoid mount 104 by fasteners 106. 

shutter part to rotate about of a revolution. As a result, Solenoid mount 104 is secured to a front plate 108 by 

camera shutter 6 must be opened extremely quickly. Such fasteners 110. A solenoid drive shaft 112 passes through 

rapid opening of the camera shutter is diflScult to do and can apertures in the solenoid mount and front plate, and is 

damage parts due to high impact forces. These impact forces secured to a pair of capping hubs 114 and a capping element 

can also reduce image quality. This same problem exists us which is sandwiched between the capping hubs. A 

when camera shutter 6 is being closed. fastener 118 secures one of the capping hubs to drive shaft 

Afurtherproblem with the above described fast mechani- 112 and fasteners 120 secure the other capping hub and 

cal shutter is that the fast shutter part is not balanced for capping element 116 to the capping element secured to drive 

rotational stability. The fast shutter part will experience 55 shaft 112. Solenoid 102 is used to move capping element 

imbalanced centrifugal forces which can effect the rate of 116. Front plate 108 is secured to a mechanical plate 122 by 

rotation of the fast shutter part and cause damage to various fasteners 124. 

parts in the fast mechanical shutter. A permanent magnet DC motor 126 is mounted to 

mechanical plate 122 with a pair of mounts 128. Mounts 128 

SUMMARY OF THE INVENTION socuied to mechanical plate 122 with fasteners 130. A 

According to one aspect of the invention, a shutter, is disk hub 132 is secured to a motor drive shaft 134. A 

disclosed which is intended for use with a lipht-sensitive light-blocking disk 9 is secured to disk hub 132 with 

material. The shutter includes a hght-blocking disk having a , fasteners 136. Motor 126 is used to rotate disk 9. 

light-passing portion through which light can pass to reach An optical sensor 13 is secured to a back plate 138 using 

a light-sensitive material. The disk is rotated to locate its 65 a pair of shims 140 and fasteners 142, Optical sensor 13 

light-passing portion in line with the light-sensitive material includes an LED and a photodiode. Back plate 138 is 

to allow light passing through the light-passing portion to secured to mechanical plate 122 with fasteners 144. 
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Front plate 108 has an aperture 146, mechanical plate 122 mum time is provided to move capping element 116 to a 

has an aperture 148 and back plate 138 has an aperture 150. non-light-blocking position prior to leading edge 18 being 

Apertures 146, 148 and 150 define an optical axis along rotated past the light-sensitive material. Consequently, cap- 

which light can travel towards a light sensitive material. ping clement 116 can be moved slower resulting in smaller 

A logic and control unit (LCU) 152 is connected to and 5 forces from accelerating and decelerating the capping de- 
controls the operation of solenoid 102, motor 126, sensor 13 ment. 

and light flash unit 154. Light flash unit 154 is utilized to Turning now to FIG. 5, capping element 116 has been 

illuminate a subject whose image is being captured on a rotated to its non-light-blocking position. Disk 9 continues 

light-sensitive material. LCU 152 receives feedback from to rotate such that light-passing portion 11 is in line with 
the various elements with which it is connected such that the 30 light-sensitive material 12. Light can now pass through the 

LCU can properly time the occurrence of certain events to light-passing portion to reach and expose the light sensitive 

be described below. material. If light flash 154 is being used, LCU 152 causes the 

Turning now to FIGS. 1-7, operation of shutter 100 will light flash to be actuated during the time the capping element 

be described. In FIG. 1, disk 9 is being rotated about its' axi s is in its non-light-blocking position and light passing portion 

10 in the direction ol an arrow A bV motor I2fi. U\<k j )'h^ s H is in line with light sensitive material. As such, a subject 

a light-passing portion 11 through which h^ht can pass. The whose image is being captured will be illuminated during 

lijrht-pflfisi p^ portion includes a lep rim^ pflfre IS and a exposure of the light-sensitive medium. 

trailing edge 19. Disk 9 also has a cutout portion, bordered Referring to FIG. 6, light-passing portion 11 has again 

by a pair of edges 14 and 15, and an aperture 20 which in been rotated past light-sensitive material 12. Spring 22 

combination counterbalance Hght-passing portion 11 to commences moving capping element 116 towards the Ught- 

minimize imbalanoed centrifugal forces caused by rotating blocking position. If solenoid 102 was pulsed to hold the 

disk 9. capping element in the non-light-blocking position, LCU 

Capping element 116 is shown in a hght-blockiog position 152 causes solenoid 102 to be decnergized, allowing return 

relative to a light-sensitive material 12, such as silver halide spring 22 to move capping element 116 towards the light 

film, and Ught passing portion 11. A return spring 22 biases blocking position. The solenoid is deenergized such that 

capping element towards the light blocking position. When capping element 116 starts moving just after trailing edge 19 

capping element 116 is in the light-blocking position, hght of light-passing portion 11 has been rotated past the capping 

cannot reach light-sensitive material 12. An optical axis is element. As a result, capping element 116 has the maximum 

designated by the reference numeral 8. Sensor 13 is dis- time to move to the light-blocking position prior to leading 

played relative to its position to disk 9. edge 18 reaching light sensitive material 12. 

In FIG. 2, disk 9 has been rotated such that light-passing Preferably, solenoid 102 is momentarily energized prior to 

portion 11 is in line with light-sensitive material 12, Light capping element 116 reaching its light blocking position, 

cannot reach light-sensitive material 12 because capping This momentary energization of the solenoid decelerates 
element 116 is still m its light-blocking position. ^5 capping element 116 helping to reduce impact forces on the 

Referring to FIGS. 3 and 4, disk 9 has been further rotated capping element when it reaches its light-blocking position, 

such that light-passing portion 11 has just been rotated past Turning now to FIG. 7, capping element 116 has been 

Ught-sensitive material 12. In FIG. 4 it can be seen that a returned to its light blocking position by spring 22, thereby 

portion of disk 9 has passed through sensor 13. The LED and preventing light from reaching light-sensitive material 12. 

photodiode in sensor 13 detect edge 15 of disk 9 and thereby The invention has been described in detail with particular 

detect a predetermined rotational position of disk 9. Dclec- reference to a preferred embodiment thereof, but it will be 

tion of edge 15 by sensor 13 is transmitted to LCU 152 (FIG. understood that variations and modifications can be effected 

8) which utilizes the posilional information and disk velocity within the spirit and scope of the present invention, 
to time actuation of certain events to be described below. 

, im f u PARTS LIST FOR FIGS. 1-8 

For example, LCU 152 causes solenoid 102 to be ener- 45 

gized to commence moving capping element 116 from its A arrow 

light-blocking position towards a non-light-blocking posi- 8 optical axis 

tion. Energization of the solenoid is timed such that capping 9 light-blocking disk 

element 116 starts uncovering light-sensitive material 12 just 10 disk axis 

after trailing edge 19 of light-passing portion 11 has been 50 11 light-passing portion of disk 

rotated past light-sensitive material 12. The amount and 12 light-sensitive material 

length of energization of solenoid 102 is determined by, 13 optical sensor 

among other things, the rotational velocity of disk 9. Once 14 disk edge 

capping element 116 has reached sufiEcient velocity, the 15 disk edge 

solenoid is deenergized. The momentum of the capping ss 18 leading edge 

element causes it to rotate to the non-light-blocking position. 19 trailing edge 

Spring 22 decelerates capping element 116 as the capping 20 aperture 

element approaches the non-light-blocking position to 22 return spring 

reduce impact forces on the capping element. If disk 9 is 100 shutter 

rotating at a relatively slow velocity, it may be necessary to 60 102 rotary solenoid 

reenergize the solenoid in pulses to hold capping element 104 solenoid mount 

116 in the non-light-blocking position. 106 fasteners 

In FIG. 4 it can be seen that capping element has been 108 front plate 

rotated clockwise from its position in RG. 3. By actuating 110 fasteners 
the solenoid to cause capping element 116 to start uncov- 65 112 solenoid drive shaft 

ering light-sensitive material 12 just after trailing edge 19 114 capping hubs 

has been rotated past light-sensitive material 12, the maxi- 116 capping element 
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118 fastener 

120 fasteners 

122 mechanical plate 

124 fasteners 

126 motor 

128 mounts 

130 fasteners 

132 disk hub 

134 motor drive shaft 

136 fasteners 

138 back plate 

140 shims 

142 fasteners 

144 fasteners 

146 aperture 

148 aperture 

150 aperture 

152 LCU 

154 flash unit 

What is claimed is: 

1, A shutter intended for use with a light-sensitive 
material, comprising: 

a light-blocking disk having a light-passing portion 

through which light can pass to reach a light-sensitive 

material; 

means for rotating said disk to locate its light-passing 
portion in line with the light-sensitive material to allow 
light passing through said light-passing portion to 
advance towards the light-sensitive material; 

a capping element; 

means for moving said capping element between a light- 
blocking position completely blocking light from 
reaching said light-sensitive material and a non-light- 
blocking position relative to the light-sensitive material 
and said light-passing portion of said disk; and 

sensor means for detecting a predetermined rotational 
position of said disk and in response thereto causing 


4,750 

6 

said moving means to move said capping element from 
one of its light-blocking and non-lighl-blocking posi- 
tions to the other. 

2. The shutter of claim 1, wherein detection of said 
^ predetermined rotational position by said sensor means is 

used to time movement of said capping element from one of 
its light-blocking and non-light-blocking positions to the 
other, such that said capping element has a maximum time 
to move from one of said positions to the other while said 
disk is blocking light from reaching said light-sensitive 
material. 

3. The shutter of claim 1, wherein detection of said 
predetermined rotational position by said sensor means is 

15 used to time actuation of a light flash such that said light 
flash is actuated when said capping element is in said 
non-light-blocking position and when said light-passing 
portion of said disk is in line with the light-sensitive mate- 
rial. 

20 4. The shutter of claim 1, wherein said disk has a portion 
removed to counterbalance said light-passing portion of said 
disk such that imbalanced centrifugal forces caused by 
rotating said disk are minimized. 

5. The shutter of claim 1, wherein said moving means 
includes a rotary solenoid, movement of said capping ele- 
ment from (l)said light-blocking position to said non-light- 
blocking position being caused by energizing said solenoid 
and (2) said non-light-blocking position to said light- 

3Q blocking position being caused by deenergizing said sole- 
noid thereby allowing a return spring to move said capping 
element towards said light-blocking position, said solenoid 
being momentarily energized as said capping element is 
moving toward said light-blocking position to decelerate 

35 said capping element and reduce impact forces on the 
capping element. 

4t 9|t 3|t )|i « 
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